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Procedure to prepare minerals of iron and manganese oxides
Four types of pure minerals were employed in this study, i.e., amorphous ferrihydrite (Fe(OH) 3(s) ), goethite (α-FeOOH (s) ), pyrolusite (β-MnO 2(s) ) and silica (SiO 2 ). Pyrolusite and ferrihydrite were directly obtained from Sigma-Aldrich. Pyrolusite was used without further processing. Ferrihydrite was aged in deionized water buffered at pH 8.0 with 50 mM borate for 2 weeks prior to experiments, with daily pH adjustment to 8.0 by adding 1 mM NaOH. After that, ferrihydrite suspension was centrifuged and the particles were washed three times with deionized water before finally dried with a freeze dry system. Silica obtained as pure sand (ACROS Organics) was rinsed in 0.1 M HClO 4 at a concentration of 300 g/L. After 24 hours, the solution was decanted and replaced. This step was repeated for 3 consecutive days. After that, silica particles were freeze-dried. Goethite was synthesized by aging freshly made ferrihydrite in a concentrated NaOH solution at 70 ºC for 60 hours.
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Table S1
Characterization of aquifer materials, clay materials and pure minerals. Table S2 Chemical composition of synthetic groundwater used in this study.
Chemical parameter Concentration
The solution was buffered at pH 8.0 with 50 mM borate. The use of high buffer concentration was necessary to maintain a constant pH throughout the experiment.
• Experimental condition is with 50 g/L of minerals, initial persulfate concentration 1 mM and pH 8. In experiments with benzene, the initial concentration of benzene was 1 mM. The solution was buffered at pH 8.0 with 50 mM borate. The use of high buffer concentration was necessary to maintain a constant pH throughout the experiment.
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• Experimental condition is with 50 g/L of minerals, initial persulfate concentration 1 mM and pH 8. In experiments with benzene, the initial concentration of benzene was 1 mM.
•−
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Figure S1 XRD spectra of synthesized goethite α-FeOOH. The XRD spectra confirmed that the synthezied particles are pure goethite. 
